Abstract Background: Over recent years it has become apparent that the hepatocyte mitochondrion functions both as a cause and as a target of liver injury. Resultant dysfunction of mitochondria yields deficient oxidative phosphorylation, increased generation of reactive oxygen species, impairment of other metabolic pathways and activation of both necrotic and apoptotic pathways of cellular death. Methods: This study was conducted on 26 children and adolescents with chronic liver disease who presented to or were following up in the Pediatric Hepatology Clinic, Children's Hospital, Ain-Shams University. They were divided into three groups according to the aetiology of liver disease (GI = patients with Wilson's disease (WD), GII = patients with chronic hepatitis C, GIII = patients with chronic liver disease other than Wilson's and chronic hepatitis C). Ultrasound-guided gun liver biopsies were performed, under local anaesthesia for all the 26 patients, using a modified 18-gauge truecut needle. Two liver biopsy cores were taken from each patient. One for light and electron microscopic examinations and the other was immediately immersed in liquid nitrogen to be frozen and used for studying mitochondrial DNA deletions by PCR.
Introduction
Chronic hepatitis is an ongoing injury to the liver cells which lasts for longer than 6 months. It may be caused by many factors such as: viruses (B, C and D), drugs, autoimmune disease, metabolic disease and other disorders. The hepatitis C virus (HCV) is one of the most important causes of chronic liver disease. It accounts for 60-70% percent of chronic hepatitis cases, and up to 50% of cirrhosis, end-stage liver disease and liver cancer [1] . An inherited defect in the metabolism of copper is known to cause chronic hepatitis (copper-associated hepatitis/copper toxicosis) [2] .
Mitochondrial medicine is a new and rapidly developing medical subspeciality. Researchers discovered that mitochondria have their own DNA or ''blue print'' (mtDNA), which is different than the nuclear DNA (nDNA) found in the cell's nucleus. Mitochondria are the power house of the cell being responsible for processing oxygen and converting substances from the foods we eat into energy for the essential cell functions [3] . Mitochondrial and metabolic medical conditions are now referred to as mitochondrial cytopathies, which actually include more than 40 different identified diseases that have different genetic features [4] .
Hepatic involvement is a common feature in childhood mitochondrial hepatopathies particularly in the neonatal period, and may manifest as neonatal acute liver failure, steatohepatitis, cholestasis, or cirrhosis with chronic liver failure of insiduous onset. In recent years, specific molecular defects (mutations in nuclear genes such as SCO1, BCS1L, POLG, DGUOK and MPV17 and the deletion or rearrangement of mitochondrial DNA) have been identified, with the promise of genetic and prenatal diagnosis [5] . Studies assessing mitochondrial function and structure in livers from humans with chronic liver disease, including liver cirrhosis, revealed a variety of alterations in comparison with normal subjects. Depending on the aetiology of chronic liver disease, the function of electron transport chain and/or ATP synthesis was found to be impaired, leading to decreased oxidative metabolism of various substrates and to impaired recovery of the hepatic energy state after a metabolic insult. The most important strategies to maintain an adequate mitochondrial function per liver are mitochondrial proliferation and increase in the activity of critical enzymes or in the content of cofactors per mitochondrion [6] .
Hepatocyte mitochondrion functions are a cause as well as a target of liver injury [7] . In primary disorders, mitochondrial defect is the primary cause of liver disease often producing fatal hepatic failure in infancy or childhood. In secondary disorders, insult to mitochondria is caused by either a gene defect that affects non-mitochondrial proteins or by an exogenous injury to mitochondria [8] .
Treatment of these disorders is currently empirical involving agents that may improve the redox status of mitochondria, promote electron flow, or act as mitochondrial antioxidants. Liver transplantation has occasionally been successful in patients who lack other systemic involvement [9] .
The objective of the present study is the assessment of mitochondria in chronic liver disease among Egyptian children and adolescents through studying their morphology by light microscopy, electron microscopy and the deletion of mitochondrial DNA.
Subjects and methods
This study included 26 children and adolescents with chronic liver disease who presented to or were following up in the pediatric hepatology clinic, children's Hospital, Ain-Shams University in the period from 2006 to 2009. They were 14 males and 12 females with male to female ratio 1.6:1. Their age ranged from 3 months to 17 years with a mean age of 9 ± 3.8 years.
Inclusion criteria
Children and adolescents eligible to be included were: 
Exclusion criteria
Children and adolescents who were excluded were: 
Liver biopsy
Ultrasound-guided liver biopsies were performed, under local anaesthesia for all the 26 patients, using a ultrasound guided modified 18-gauge truecut needle. Two liver biopsy cores were taken from each patient. One for light and electron microscopic examinations and the other core was immediately immersed in liquid nitrogen to be frozen and used for studying mitochondrial DNA by PCR.
Light microscopy
Liver biopsy specimens were fixed in 10% buffered formalin and embedded in paraffin. Six serial sections (thickness, 4-5 lm) were cut and stained with haemotoxylin-eosin and Van Gieson stains. Histological findings and fibrosis degree were scored according to the numerical scoring system by Knodell et al. [10] . Histological findings were blindly interpreted by a senior histopathologist.
Electron microscopy
An aliquot of liver biopsy specimen was fixed in 0.5% glutaraldehyde plus 4% paraformaldehyde, then postfixed in osmium tetroxide. The liver biopsy specimen was then dehydrated in graded alcohol and embedded in araldite. After uranyl acetate and lead citrate staining the thin sections were observed with a Philips 400 T transmission electron microscopy. Histological findings were interpreted by a senior histopathologist.
Mitochondrial DNA PCR
All the DNA samples were extracted from liver biopsies (frozen section) and whole blood (10 ml heparinized whole blood) according to Goto et al. [11] . We quantitated mitochondrial DNA for deletion by the method described by Goto [12] . Approximately 2 lg DNA aliquot from patient and from one control (wild DNA and plasmid with known mitochondrial DNA deletion) were used in two polymerase chain reactions each amplifying a part of the mitochondrial DNA sequence; the first reaction amplifying 11.2 kb while the second reaction amplifying 5.3 kb, to check the whole mitochondrial DNA sequencing for any deletions. Long PCR was done in each reaction using forward and reverse primers. The first set P1001, P1004, covered the longer portion of mitochondrial DNA, while the second set P1003, P5204 covered the smaller portion of mitochondrial DNA. The template DNA from all patients was amplified using thermal cycler (PJ 9600) (Perkin Elmer). The amplified DNA fragments were electrophoretically checked on 1% agarose gel to check for the deleted DNA.
Statistical analysis
The results of light microscopic, electron microscopic examination and mitochondrial DNA-PCR assessment of the three groups were tabulated and statistically analyzed using personal computer with SPSS software package. We used repeated measures ANOVA, Pearson v 2 -test and Z-test. A cut point of 0.05 was used to designate statistical significance and 0.01 to designate high significance.
For inclusion in the study, an informed written consent was obtained from the children's guardians. The study protocol was approved by the hospital's ethical committee.
Results
The results of present study could be summarized in the following points:
Results of light microscopy
Results of light microscopic examination of the liver biopsy are shown in Tables 1a and b. The number of patients with disturbed hepatic architecture is significantly higher in patients with Wilson's disease than in patients with chronic hepatitis C or patients with other chronic liver disease. As regards portal tract fibrosis or inflammation, disruption of the limiting plate, hepatocyte ballooning, liver cirrhosis, micro-vesicular steatosis, macro-vesicular steatosis, there is insignificant statistical difference between the three groups. 
Results of electron microscopy
Results of electron microscopy of liver biopsy are shown in Tables 2a and b . Twenty of the studied patients (80%) had mitochondrial pleomorphism. The number of chronic hepatitis C patients with mitochondrial pleomorphism is significantly higher than that of patients with Wilson's disease or of patients with other chronic liver disease. There is insignificant difference among the three groups as regards the number of patients.
Result of mitochondrial PCR
Mitochondrial DNA deletions was found in three patients (12%) (two with Wilson's disease and one with lipid storage disease). Figure 1 The presence of hepatic steatosis among patients with different degrees of mitochondrial affection. Although there was no statistical difference between the three studied groups (classified according to degree of mitochondrial affection) yet there is an increase in severity with increase frequency of steatosis. N.B.: Four of the studied patients had no mitochondrial affection.
We developed a scoring system for mitochondrial affection in our patients depending on the degree of the previously mentioned ultra-structural mitochondrial changes. Four of the studied patients had no mitochondrial affection (see Fig. 1 and Tables 3 and 4 ).
Discussion
Mitochondria are important cellular organelles responsible for energy production through oxidative phosphorylation (OX-PHOS). Mitochondrial dysfunction yields deficient oxidative phosphorylation, increased generation of reactive oxygen species (ROS), accumulation of hepatocyte lipid, impairment of other metabolic pathways and activation of both apoptotic and necrotic pathways of cellular death [13] . The only DNA outside the nucleus is the mitochondrial DNA, it is characterized by its high mutability and by being only maternally inherited [14] . Mitochondrial disorders were once regarded as neuromuscular diseases, however 33-56% of patients with mitochondrial disorders have non-neuromuscular manifestations at presentation [15] . Sokol and Treem [16] have proposed a classification scheme for mitochondrial hepatopathies into primary and secondary hepatopathies. In primary disorders, mitochondrial defect is the primary cause of liver disease. In the secondary disorders hepatic mitochondria undergo injury or dysfunction caused by another pathologic process [17] , including diseases of uncertain aetiology (e.g. Reye's syndrome), exposure to endogenous and exogenous toxins, drugs (such as nucleoside analogues), or metals, and other conditions in which mitochondrial oxidative injury or abnormal electron transport may be involved (e.g. cholestasis, NASH) [15, 16] .
Among our 26 chronic liver disease patients 22 patients (84.6%) showed evidence of mitochondrial affection in the form of ultra-structural mitochondrial morphological changes, steatosis, and or mitochondrial DNA deletions. As all our patients were with a well defined aetiological diagnosis thus, the mitochondrial affection of the patients could not be explained by a primary mitochondrial disease; all were secondary mitochondrial affection. We divided our patients into three groups (Group I: patients with Wilson's disease, Group II: patients with chronic hepatitis C, Group III: patients with chronic liver disease other than Wilson's and chronic hepatitis C). Clinically there were no differences between the three groups except in the frequency of hepatomegaly which was higher in Wilson's disease patients (10 out of 11, 99.9%). This hepatomegaly could be explained by the early glycogen deposition and fatty infiltration of the liver in WD [18] . Pathologically cirrhosis and hepatic architecture disturbance were higher among Group I and Group III (8 out of 11, 72.73%) (7 out of 9 77.78%), compared to patients with Group II (1 out of 6, 16.6%, respectively). This could be explained based on the natural history of liver affection in Wilson's disease that usually peaks at ages 10-13 years [19] . Irrespective of the initial symptoms, almost all patients will have some evidence of cirrhosis on liver biopsy reflecting the response to years of hepatic copper accumulation before clinical symptoms [20] . In our study chronic hepatitis C patients were freshly diagnosed with short disease duration, thus explaining the low frequency of cirrhosis in these patients (6-12 months from diagnosis). This was in consistency with other studies held by Kage et al. [21] who studied the pathology of chronic hepatitis C in children and they reported no case of cirrhosis and only 3.9% of children had architectural distortion and bridging fibrosis (mean duration of infection in this study was 2-6 years), and that of Goodman et al. [22] who published that inflammation, fibrosis, steatosis and cirrhosis were mild, in HCV infected children. They added that, there is a positive correlation of inflammation with the duration of infection.
Mitochondrial affection in these three groups of patients showed some variabilities. All 11 patients with Wilson's disease had morphological evidence of mitochondrial affection in the form of mitochondrial pleomorphism in 10 out of 11 (90.91%), mitochondrial enlargement in 7 out of 11 (63.64%), mitochondrial dense metrical granules in 8 out of 11 (72.73%), degeneration of mitochondrial cristae in 5 out of 11 (45.45%) and widening of mitochondrial inter-crystal space in 3 out of 11 (27.27%). Also steatosis (micro-vesicular and macro-vesicular) was present in 6 out of 11 of WD patients. Wilson's disease is caused by diverse mutation of nuclear gene encoding a copper-transporting ATPase. Decreased elimination of copper into the bile causes progressive accumulation of copper into hepatocytes. Mitochondrial involvement in Wilson's disease has been implicated since the early observation by Stenlieb et al. [23] of abnormal mitochondrial morphology so characteristic of this disorder of copper metabolism. Changes include decreased matriceal density enlarged inter-membranous spaces, dilatation and vacuolization of cristae, crystalline inclusion and vacuoles in the matrix. This was directly proportionate to the age and was more prevalent among patients with hepatic variety than in patients with the neurological variety. Copper selectively accumulates within mitochondria during copper overload leading to mitochondrial dysfunction and increasing mitochondrial reactive oxygen species (ROS) production. Mitochondrial ROS target proteins, and patients with Wilson's disease have decreased activity of respiratory chain complexes, which may further increase mitochondrial oxidative pathway [24] . Sokol and Narkewicz [25] mentioned that in the early stages of Wilson's disease, hepatocellular mitochondria are pleomorphic and abnormally large. This is because patients with Wilson's disease have decreased activity of respiratory chain complex. Findings are consistent with findings of Abdel Ghaffar et al. [26] who studied Wilson's disease in Egyptian children. They found that 85.7% of their patients with Wilson's disease had mitochondrial alteration in form of pleomorphism in shape and size, with the presence of giant forms and finely granular and coarse electron dense material. These results were strengthened by the findings of Brewer [27] , who described the abnormal mitochondrial morphology characteristic of Wilson's disease which included, intermembranous space dilation and vacuolization of cristae, crystalline inclusions and vacuoles in the matrix. Also he documented disappearance of cristea and widening of the inter-crystal space of the hepatic mitochondria. Gu et al. [28] who studied oxidative phosphorylation in Wilson's disease and showed evidence of severe mitochondrial dysfunction in livers of patients with Wilson's disease. In their study, enzyme activities were decreased as follows: complex I by 62%, complex II + III by 52%, complex IV by 33% and aconitsae by 71%. On the contrary, they reported that high copper concentrations found in the liver of the studied patients with primary biliary (PBC) and primary sclerosing cholangitis (PSC) were not associated with the mitochondrial fraction. Mitochondrial respiratory chain func-tions and aconitsae activity were normal in those patients supporting the suggestion that it is the intra-mitochondrial localization of copper which results in deficiency of these enzymes in Wilson's disease. They proposed that WD protein might function as a copper transporter at both the trans-Golgi network and at the mitochondrial membrane, and mutations in ATP7B gene may cause mitochondrial copper overload through defective export. In our study lysosomal enlargement was found in 5 out of 11 (45.4%) patients with Wilson's disease compared to only two patients in each of other two groups. This lysosomal enlargement could be explained by the accumulation of copper within the lysosomes and denotes later stages of the disease as Liu et al. [29] studied copper distribution inside and outside lysosomes in the Wilson's disease. They found that in the early stage of hepatolenticular disease, copper is accumulated outside lysosome, which is paralleled with increase of metallothionein-like protein (copper and sulfur-binding protein). With the development of the disease, more copper is deposited inside lysosome than outside lysosome. They concluded that the up-regulation expression of copper and sulfur-binding protein and copper accumulation in lysosomes may play an important role in lowering the ATP-7B gene mutation-included toxic effects of free copper on the cell.
All six patients with hepatitis C virus (HCV) in our study also had mitochondrial morphological changes in the form of mitochondrial pleomorphism in 6 out of 6 (100%), mitochondrial enlargement in 6 out of 6 (100%), mitochondrial dense metrical granules in 5 out of 6 (83.3%), degeneration of mitochondrial cristae in 1 out of 6 (16.67%). None had widening of mitochondrial inter-crystal space, also micro-vesicular steatosis was present in 2 out of 6 HCV patients (33.3%). These findings were supported by that of Calza et al. [30] who reported that, mitochondrial alterations were demonstrated in HCV infected subject and the most frequent alteration was mitochondrial pleomorphism. Barbaro et al. [31] found enlarged irregular mitochondria in 92% of studied patients with hepatitis C (genotype Ia). Barbaro et al. [32] also reported that 25% of studied patients with hepatitis C infection had dense mitochondrial granules. This granules are osmiophilic granules which are able to be involved in haemostasis of calcium. Calza et al. [30] found reduction or loss of cristae in (20.5%) of cases with HCV infection. In our study microvesicular steatosis was detected in liver biopsy of 2 out of 6 (33.3%) with chronic hepatitis C patients. This is nearly in agreement to the result of Zubair et al. [33] who observed micro-vesicular steatosis in 21 out of 46 cases with hepatitis C (HCV) virus infection. They reported that steatosis is a common histologic feature of chronic hepatitis C (CHC). This complication of CHC may have implication on its long-term prognosis. Steatosis can be explained by the findings of Salem et al. [34] they documented enhanced lipid peroxidation in all patients by assaying lipid peroxidation products in plasma malondialdehyde (MDA). Another study held by Bortolotti et al. [35] found that 27.5% of the studied 80 children with chronic hepatitis C infection had steatosis. The mechanism by which the hepatitis C virus (HCV) causes steatosis is unknown. Ramalho [36] suggested that both host and viral factors may play an important role in its development. He suggested a direct effect of certain viral sequence on the pathogenesis of hepatic steatosis. Okuda [37] studied the mitochondrial affection induced by hepatitis C core protein. They found that core protein also increased lipid peroxidation products and induced antioxidant gene expression as well. A mitochondrial electron transport inhibitor prevented the core-induced increase in ROS. A fraction of expressed core protein was localized to the mitochondria and was associated with redistribution of cytochrome C from mitochondrial to cytosolic fractions. Therefore they concluded that hepatitis C has direct effect on mitochondria. Another possible mechanism could be drawn from the study of Barbaro et al. [38] in this study, chronic hepatitis patients showed depletion of glutathione (H-GSH, P-GSH and L-GSH). The value of P-GSH and L-GSH were found to reflect directly the hepatic stores of GSH. They proved an inverse correlation between GSH and MDA that reflects an increase in lipid peroxidation in patients with hepatitis C. They attributed this deficiency in glutathione to increased free radical production as well as mitochondrial dysfunction. It is essential also to mention the work of Badizadegan et al. [39] who compared the histopathologic features of liver in children and adults with hepatitis C virus infection. They documented that steatosis is higher in adults (54-72%) with chronic hepatitis C infection than in children (50%). This was attributed to longer duration of disease. The finding of altered mitochondrial structure in HCV-related liver disease would help to explain the steatosis that is so prevalent in this disease. These mitochondrial changes were found significantly more often in patients with genotype 1b than in patients with genotype 2a/C or 3a. All mitochondrial alterations were associated with a depletion of tissue glutathione store, a key cellular antioxidant. Collectively, the data suggest that genotypedependent mitochondrial alterations are a prominent feature of liver cell injury by HCV [40] .
Still in patients with other chronic liver disease mitochondrial affection was present but less frequently, while steatosis was found in 66.6% of patients with either moderate or severe mitochondrial affection, only 28.5% of patients with mild mitochondrial affection had hepatic steatosis, thus relating steatosis to the degree of mitochondrial affection. In secondary steatohepatitis such as in Wilson's disease, the vicious cycles of hepatic lipogenesis and hepatic steatosis are further aggravated by the causative disease itself. Wilson's disease increase ROS formation, ROS may oxidize fat deposits, releasing lipid peroxidation products that damage mitochondrial DNA and proteins to partially block the flow of electrons along the respiratory chain, thus further increasing mitochondrial ROS formation. ROS may also deplete antioxidants and cause the formation of tumor necrosis factor-a (TNF-a), 2 effects that may further impair the flow of electrons and increase mitochondrial ROS formation leading to steatosis and so on. Another evidence of subcellular level of affection in hepatitis C is the disruption in rough endoplasmic reticulum. This is consistent with findings of Barbaro et al. [32] who reported dilated vesiculated endoplasmic reticulum in 64% of the examined patients with hepatitis C virus (genotype 1-a). Also Tardif et al. [41] documented that hepatitis C virus (HCV) gene expression disrupts normal endoplasmic reticulum (ER) functions and induce ER stress. ER stress results from accumulation of unfolded or misfolded proteins in the ER.
In our study mitochondrial DNA deletion was found in three patients (11.5%) (two with Wilson's disease (7.69%) and one with lipid storage disease (3.84%). The two patients with Wilson's disease were a 13 year old boy and a 12 year old girl. Both were child C at time of presentation (both had ascites, hypoalbuminemia below 2.5 g/dl and prolonged prothrombin time). The boy had some neurological manifestations of Wilson's disease (mask like face, rigidity, salivations but no involuntary movements). They both had positive kayser-Fleisher ring. Their liver biopsies revealed cirrhosis and marked mitochondrial morphological changes. Both of them had other affected sibs. Mansouri et al. [42] found that oxidant damage in hepatic mitochondria also leads to deletions in mtDNA in young adults with Wilson's disease. Copper is a powerful prooxidant that generates the hydroxyl radicals and other reactive species. Copper forms Cu-DNA complexes, this reactive species are generated close to DNA, making it an elective target. Copper cause single strand breaks, double strand breaks, intra-strand links between adjacent bases, oxidized bases, base substitutions, as well as adducts between DNA. DNA strand breaks can cause misannealing during replication, leading to DNA deletions [43] . Our results revealed that the prevalence of micro-vesicular steatosis seemed to be two times greater in patients with mitochondrial DNA deletion than in those without (2 of 2 vs. 4 of 9). However, these numbers were small and not statistically significant. This is in consistency with the findings of Mansouri et al. [42] who reported close proportions (3 of 8 vs. 1 of 8). Chinnery et al. [44] mentioned that, the mother of a proband with a mtDNA deletion is usually unaffected and does not have mtDNA deletions in her tissues; however, exceptions occur. The risk to the sibs of a proband is usually extremely low. Offspring of a female proband are usually not at risk of inheriting the mutation. Prenatal testing is available on a clinical basis, although interpretation of results is difficult. Emphasized by presence of mitochondrial DNA deletion in 3 of our patients, mitochondrial DNA deletion are not inherited from mother to children, it may occur as a new events.
Conclusion
We thus conclude that secondary mitochondrial hepatopathy occurs frequently in patients with chronic liver disease especially if it is due to Wilson's disease or HCV infection. This hepatopathy could be explained by aetiological agent (Copper in the case of Wilson's disease, HCV genome in the case of HCV infection) but may also be compounded by the presence of the cirrhosis in itself.
